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ABSTRACT. The variation of horizonally and vertically 
polarized centimeter waves reflected from various surfaces 
on the ground is analyzed. Measurements were taken from an 
airplane. The sighting angle varied between 0.3' and 75'. 

A study of the emittance of natural surfaces i n  the centimeter range is /72* 
w 

of great interest for determining the form of the underlying surface o r  its 
** 

temperature, For radiation polarized in a horizontal direction, water 

will have a small emission coefficient, which makes it possible to readily 

determine the water-dry land, water-ice, etc, boundaries, Moisture of the s o i l  

and roughness of the surface also have a great influence on the polarization 

characteristics, This makes it possible to use measurements of the polarization 

characteristics of the underlying surface emission for studying the structure 

and properties of the surface of the Earth and other planets. 

As is known, the electrical properties of the surface being studied have 

a great influence on the reflection coefficient. Thus, for a quiet water 

surface the dielectric constant E equals 80 at the h = 20 em wavelength and a 
- 
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temperature of t = 20"; i t  sharply decreases a s  the  wavelength decreases,  

For dry land,  the  d i e l e c t r i c  constant  i s  considerably l e s s  than f o r  water, 

For dry s o i l ,  i t  may amount t o  two, but  f o r  t h e  most p a r t  l ies  between 3 - 28 [I], 

The smaller  va lues  of s corresponds t o  dry,  s tony,  and sandy s o i l s ;  the  l a r g e r  

values corresponds t o  loam and damp s o i l s .  S imi lar ly ,  t h e  conductivi ty changes 

depending on the  na tu re  of t h e  surface ,  a s  w e l l  a s  the  complex d i e l e c t r i c  

constants .  

A s  was noted above, t h e  na tu re  of r e f l e c t i o n  from t h e  su r face  also depends 
b 

on t h e  dimensions of surface  i r r e g u l a r i t i e s  with respec t  t o  wavelength, %Erie 

Rayleigh c r i t e r ionmay  beused f o r  the  su r face  roughness c h a r a c t e r i s t i c ;  

where h is  the  height  of t h e  i r r e g u l a r i t i e s ,  and 8 is t h e  zen i th  angle  s f  

incidence of the  rays ,  

I tmay beseen from t h i s  formula t h a t  t h e  permissible i r r e g u l a r i t y  heights  

f o r  specular  r e f l e c t i o n  a r e  determined not  only by wavelength, but a l s o  depend 

g r e a t l y  on t h e  s igh t ing  angle 8. The l a r g e r  they a r e ,  the  l a r g e r  is 8. I f  

t h e  i r r e g u l a r i t i e s  do not  s a t i s f y  t h i s  condit ion,  then r e f l e c t i o n  becomes semi- 

s c a t t e r e d ,  i . e . ,  i t  approaches d i f f u s e  r e f l e c t i o n ,  and t h e  po la r i za t ion  

d i f fe rences  i n  r a d i a t i o n  w i l l  l e v e l  out.  The s h o r t e r  t h e  wavelength, the ]more 

probable i t  is t h a t  the  condit ions w i l l  be f u l f i l l e d  under which r e f l e c t i o n  

approaches d i f f u s e  r e f l e c t i o n ,  I n  turn ,  t h i s  p e r t a i n s  t o  t h e  c e n t h e t e r  
" wavelength range, where t h e  concept of a  sssmooth9f su r face  is  only appl icable  

f o r  a  q u i e t  water surface ,  

I I 

I n  t h i s  a r t i c l e  we  s h a l l  s tudy the  dependence of t h e  components (which are 

polarized v e r t i c a l l y  and hor izonta l ly)  of centimeter  r a d i a t i o n  of natural 

underlying su r faces  upon the s igh t ing  angle,  Similar  d a t a  are a l s o  g ives  i n  



Technical da ta  on the  apparatus and measurement method. The po la r i za t ion  

measurements of r a d i o  emission of var ious  types of underlying surfaces  were 

performed i n  Autumn, 1968, using a three-cenit imeter  radiometer operated by S * T a  

Yegorov and placed on the  IL-18 a i r p l a n e  [ 4 ] .  The radiometric equipment con- 

s i s t e d  of a parabolic antenna having a diameter of one meter and a s u ~ e r h e t e r o d p e  

rece ive r ,  whose s e n s i t i v i t y  was 1.5OK f o r  a constant  time -r = 1 sec.  With 

angular  s h i f t i n g  of the  mirror ,  t h e  antenna made i t  poss ib le  t o  scan by l i n e  

wi th in  the  l i m i t s  - 9 30' from t h e  normal, perpindicular  t o  t h e  d i r e c t i o n  s f  

f l i g h t .  A f e r r i t e  p o l a r i z e r  was placed a t  t h e  radiometer input ,  which made i t  
6 

poss ib le  t o  receive  a l t e r n a t e l y  both components of t h e  s i g n a l  l i n e a r  polar%n:cption, 

The main parameters of t h e  radiometric apparatus were a s  follows. 

1. The width of t h e  d i r e c t i o n a l  diagram on both po la r i za t ions :  along the 

half  power l e v e l  i t  d id  not  exceed 2'; along t h e  zero Pevel is  was 5". 

2. The antenna d i r e c t i o n a l  diagram width was changed during scanning be- 

tween +30°: along t h e  hal f  power ' level  l.lOB; along t h e  zero Pevel l .5' ,  - 

3. The decoupling between t h e  po la r i za t ion  channels was no less than 

20 decibles .  

4 .  The antenna eca t t e r fng  c o e f f i c i e n t  6 = 0.22, During t h e  antenna 

scanning B increased t o  0.27. The apparatus was c a l i b r a t e d  based on t h e  

rad io  emission of a water surface  before t h e  f l i g h t .  

The a i r c r a f t  s t u d i e s  of radio  emission of an underlying surface  on both 

po la r i za t ions  were performed f o r  s igh t ing  angles of 8 equal l ing  0.30, 45, 

50 and J5" ,  The angle  8 = 0" @orresponded t o  an antenna d i rec ted  ae  the 

n a d i r ;  the  angle 8 = 30' -- to an antenna located  a t  t h e  outmost pos i t ion ,  

The s igh t ing  angle  was increased f u r t h e r  by banking the a i r c r a f t  while the 

antenna was secured i n  the  outmost pos i t ion ,  opposi te  to the banking d i r e c t i o n ,  



Thus, when turning the aircraft banking was 15, 30 and 4S0, while the 

radius of the circle described by the aircraft ranged from 5000 to 2000 m. 

Banking up to 30' was maintained by the automatic pilot, while banking at 45O 

was done by hand within an accuracy of 1 - 2 O .  The flights were carried out 

at an altitude of 1500 - 2000 m. For the measurements, extended sections sf 

a uniform surface were selected. The degree of uniformity of the selected 

surface was determined visually, and also based on oscillations in the radis 

brightness temperature. 

Processing of measarements results. The radiometric apparatus gave 

measurement results which made it possible to obtain the antenna temperature 

.from which it was necessary to change to the radio brightness temperature, 

In the general case, the expression for the antenna temperature has the foL- 

lowing form: 

where Tb(Cl) - distribution of radio brightness temperature at a solid angle: 

F(Q) - antenna directional diagram. 

Separating the region of the main and side lobes, we may mite =pression 

(2) in the following form: 

where B is the total antenna scattering coefficient, Tbi - radio brightness 
temperature of the emission of different zones outside of the main lobe, Bi 

scattering coefficient for different zones with Tbge 



From (4) we may determine Tbm 

Thus, for determining Tb, we must know the value 

It is not possible to calculate it, since the components Tb.Bi are aanknom, 
1 

Therefore, it was determined experimentally using the substitution method, For 

this purpose, before the apparatus was placed on the airplane, the antenna and 

a model of a section of the aircraft were placed on a special stand, making it 

possible to change the angle of elevation from O to 90°. A disk was placed a 

certain distance from the antenna, made of an absorbing material with a k n o m  

radio brightness temperature Tb d o  
On the background of the sky, two measuse- 

ments were made of the antenna temperature; with the disk and without it 

141. The disk had dimensions corresponding to a solid angle of the main Lobe 

of the antenna directional diagram, The antenna scattering coefficient was 

determined from these measurements. After this, the antenna was airned at the 

underlying surface, (watersice, plowed field) at an arbitrary angle, and its 

antenna temperature *ae 
was measured, which equaled 

From this, the radio brightness temperature of the background was readily ./75 - 
determined: 

The values T for different underlying surfaces are shown in Table 1 
bba 

as a function 



Figure 1. Dependence of emission coef- 
f i c i e n t  of a water su r face  on s i g h t i n g  

. angle: 

1. Ladozhskoye Lake, 2 1  December 1968, 

Figure 3. Dependence of radio bright- 



TABLE 1 

- 
Type of underlying surface Type of 

Tbba 
O K  

polarization 

Water (OX, Tn = 283'~) vertical 20 2 4 

b horizontal 2 0 2 5 

Sand (T = 283OK) vertical 55 58 
n 

#' 

horizontal 5 5 6 0 

Plowed field (T = 283OK) vertical 
na 

50 5 3 

horizontal 50 5 8 

For aircraft measurements, with sufficient accuracy we may assme the 

average values of T bba obtained as a result of an experiment on the Ear th ,  

Since the antenna had a rather narrow directional diagram, the value of - 
Tb, corresponds to the average value of the radio brightness temperature 

within the limits of a solid angle of the main lobe. To obtain the real 676 

values of the radio brightness temperature of an underlying surface, it is 

necessary to determine the contribution of radio emission from the atmosphere, 

Estimates showed that the influence of the atmssphere is fnsignificant, and 

is 3 - 5 " ~  when the sighting angle changes from O to 75O. 

Analysis of measurement results. The measurements were performed for 

the following underlying surfaces: water (fresh, salt) having varying degree 

of swells, sandy desert-, rocky desert, plain covered with snow, sand w i t h  

loam, etco 

The radio emission of a water surface was measured in the Kaspiyskiy and 

Black Sea regions, as welL as the Ladozhsksye Lake wit9 swells from O - B to . .. ., # 

'3 

7 



4 - 5 po in t s .  The temperature of t h e  water s u r f a c e  i n  t h e  Kaspiyskoye and 

Black Seas changed between 1 0  - 12', and i n  t h e  Ladozhskoye Lake i t  w a s  6'. 

The experimental  va lues  obta ined  f o r  t h e  r a d i o  b r i g h t n e s s  temperature were 

used t o  c a l c u l a t e  t h e  emission c o e f f i c i e n t s  E of a water  s u r f a c e  f o r  two l i n e a r l y  

po la r i zed  components p e r t a i n i n g  t o  t h e  emi t tance  of water  a t  a temperature 

of 283'K and a s a l i n i t y  of 20%. 

F igu re  1 g i v e s  t h e , v a l u e s  of E a s  a func t ion  of t h e  s i g h t i n g  angle .  The 

graph a l s o  p re sen t s  t h e  t h e o r e t i c a l  v a l u e s  of E c a l c u l a t e d  f o r  a q u i e t  water  

s u r f a c e  wi th  T = 2 8 3 ' ~  and a s a l i n i t y  s f  20% ( s o l i d  curves) .  The da ta  
S 

p o i n t  t o  a d ivergence  between t h e  experimental  and c a l c u l a t e d  d a t a ,  which 

co inc ides  s a t i s f a c t o r i l y  only  f o r  smal l  s i g h t i n g  angles .  This  may be explained 

by t h e  f a c t  t h a t  t h e  c a l c u l a t i o n s  p e r t a i n  t o  a n  i d e a l l y  smooth water  surface, 

The r e a l  water  s u r f a c e  has  s w e l l s ,  i n  which case -- a s  a l r e a d y  i n d i c a t e d  -- 
t h e  d i f f e r e n c e  between t h e  emi t tances  f o r  v e r t i c a l l y  and h o r i z o n t a l l y  

p o l a r i z e d  emission c o e f f i c i e n t s  decreases .  A comparision of t h e  r e s u l t s  

ob ta ined  wi th  t h e  experimental  d a t a  g iven  i n  [2]  shows t h e i r  good a g r e m e n t .  

S tud ie s  of r a d i o  emission of a sandy s u r f a c e  were performed i n  t h e  sandy 

r eg ions  s f  c e n t r a l  A s i a .  P r imar i ly  t h e  underlying s u r f a c e  was a sandy or a 

rocky d e s e r t  w i th  sand dunes and spa rce  vege ta t ion .  By way s f  a n  example, 

F igu re  2 g i v e s  t h e  r a d i o  b r i g h t n e s s  temperatures  of a sandy s u r f a c e  f o r  two 

p o l a r i z a t i o n s  obta ined  dur ing  a f l i g h t  c l o s e  to Ashkhabad, 30 November 1968, 

The c a l c u l a t e d  curves  of t h e  r a d i o  b r i g h t n e s s  temperature a r e  p l o t t e d  here 

f o r  a n  i d e a l l y  smooth sandy s u r f a c e ,  having t h e  folPowing abso rp t ion  and 

r e f r a c t i o n  ind ices :  n = P,79, X = 0.0174 and a temperature of 2 8 5 " ~ ~  

S imi l a r  measurements were a l s o  performed f o r  s e c t i o n s  of t h e  rocky des;erk 

i n  t h e  r eg ion  of ~ e b i t - l k ~ ,  The r e s e a r c h  d a t a  are g iven  i n  F igu re  3,  where 

t h e  t h e o r e t i c a l  v a l u e s  of t h e  r a d i o  b r i g h t n e s s  temperatures  are a l s o  p l o t t e d ,  

c a l c u l a t e d  f o r  n = 1.674 and X - 0.01 a t  a temperature sf 283'~. 



Analyzing t h e  measurement 

r e s u l t s  presented i n  Figures 2 and 3 

we may note  t h a t  t h e r e  is a s m a l l  

P d i f f e r e n c e  between the  v e r t i c a l l y  and 
60 hor izon ta l ly  polarized components of 

so r ad io  emission of these  surfaces  f o r  

10 sandy and rocky d e s e r t s .  We may a l s o  

no te  t h a t  t h e r e  a i s  a s l i g h t  change 
30 

i n  E with an inc rease  i n  the v e r t  
20 s igh t ing  angle.  This occurs because 

10 t he  r e a l  su r face  s t r u c t u r e  of sandy 

and rocky d e s e r t s  d i f f e r s  s i g n i f i c a n t l y  

from an i d e a l l y  smooth su r face ,  The 
Figure 4. Dependence of po la r i za t ion  

c o e f f i c i e n t  on s i g h t i n g  angle.  e f f e c t  of s t r u c t u r e  on t h e  polarization 

of r a d i o  emission of var ious  surfaces 1, water surface;  2. sandy d e s e r t ;  
3. rocky d e s e r t ;  4. p l a in ,  cevered wi th  is  c l e a r l y  apparent i n  Figure 4 ,  BJInich 
snow. 

g ives  t h e  experimental r e l a t i o n s h i p s  

between t h e  p o l a r i z a t i o n  c o e f f i c i e n t  

'ba 
Y 

s 

and the  s i g h t i n g  angle  8, 

The l a r g e s t  p o l a r i z a t i o n  c o e f f i c i e n t  va lues  a r e  obtained f o r  water,wTaaae 

s u r f a c e  p r o p e r t i e s  approximate a mirror  surface .  
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